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What is a
« bacteriophage » ?

ÅSuffix ïphage, phagos ˒hʴʶ ˄(phagein), "to eatò, 
ñto devour"

ÅViruses that infect ONLY bacteria

ÅClassification (myoviridae, podoviridae, etcé) 

ÅA phage is specific to A type of bacteria

ÅLargely abundant in the biosphere: 
1031 bacteriophages on the planet, more than 
every other organism

ÅEspecially in marine environment, sea, lake, 
backwater, soil, animal and human stools, etc.
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Courtesy Pascal Maguin

Luciano Marraffini Lab

S. aureus being lysed

by the Sa2 phage

Bacterial DNA 

appeared in green

Only lytic phages have to be used
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Antibiotic+ Phages

Antibiofilmactivity!

C. Kolenda et al. Antimicrob Agents Chemother 2019

Phages have antibiofilm activity



Merabishvili et al.

PloS ONE 2009
S. aureus

kinetic growth

in liquid
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Only purified lytic
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Curing bacterial

disease

Prognosis factors

Host

Comorbidities

Local conditions

Treatment strategies

Susceptibility to antibiotics

Way of administration

Local biofilm

Clinical trials

To demonstrate the efficacy

In each indication

Costly (ṃ1Mú)

Take time (years)

Merabishvili et al.

PloS ONE 2009
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in liquid
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+ Phages

Ferry et al. OFID 2018
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54-year-old man
Trauma with open fracture

Post-trauma tibial S. aureus 
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Management in Georgia for 
receiving phage therapy 
bacteriophages 10 years ago

Failure
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Skin and soft tissue damage 

requiring surgical coverage

MAJOR BIOLOGICAL LIMIT:

Bacteriophages
have not the ability to:

perform bone debridement

regenerate skin and soft tissue

Sclerotic bone with biofilm

requiring surgery



At the stage of bonenecrosis, it will only succeedin 
stoppingthe progression of the infection, but it will beable to do 
nothing against the deadbonedeprivedof circulation; this bone
will becomesequesteredand the lesionis no longer a matter of 
surgery. To do otherwiseis to commit, in myopinion, an errorof 
therapeuticindication.

1961



At the stage of bonenecrosis, it will only succeedin 
stoppingthe progression of the infection, but it will beable to do 
nothing against the deadbonedeprivedof circulation; this bone
will becomesequesteredand the lesionis no longer a matter of 
surgery. To do otherwiseis to commit, in myopinion, an errorof 
therapeuticindication.

1961



Bone and joint infections

Post-trauma

long-bone

osteomyelitis

Surgery
(debridement & reconstruction)

Antibiotics

Chronic

prosthetic-joint

infection

Surgery
(prosthesis explantation)

Antibiotics

Spinal infection

with abscess and

bone destruction

Surgery
(debridement & stabilization)

Antibiotics



80-year-old man

Relapsing S. aureus prosthetic
left knee infection (past revision)

Failure

Complex orthopaedic situation 
with past femoral fracture

Impossible to walk (painful knee)

Clinical case #2 



Prélèvement

Pas de

descellement

Septic

arthritis

Fistula and

purulent discharge



Lancet Infect Dis 2018

Phages anti-P. aeruginosa



Phage discovery

to find active 

bacteriophages

against Staphylococci

Phages anti-S. aureus



ñDebridement And Implant 
Retentionò (DAIR) 
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25

ñPhagoDAIRò

One shot peroperative phage 
application after ñDAIRò 

Ferry T. et al. 2020



Post-operative antibiotics:

Daptomycin + Rifampin

At day 4 (only MSSA in all 
intraoperative samples):

Levofloxacin + Rifampin

Then:

Cefalexin as suppressive 
antimicrobial therapy

Clinical case #2



ñThebacteriophages saved my life, he

insists. I never thought one day to walk

again. And to say that doctors were talking

about cutting my leg off!òR.N.
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250 km

BJI Endocarditis Pneumonia

Implementation of a Phage Therapy Center in a CRIOAc

FERRY T. et al. In press

Number of 

patients 
2017 2018 2019 2020 Total

Managed in 

CRIOAc Lyon
557 594 647 520 2318

For whom a 

phagogram was 

performed

7  

(1.2%)

10 

(1.7%)

17 

(2.6%)

23 

(4.4%)

57 

(2.4%)

For whom phage 

therapy was done

4  

(0.7%)

2  

(0.3%)

8  

(1.2%)

7  

(1.3%)

21 

(0.9%)
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+ 3 patients managed outside Lyon
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ID Clinic

Lab

Under the supervision of

French HealthAuthority

Phagogram

Selection of active bacteriophages

1 mL 1 mL 1 mL

Active GMP
S. aureus Bactériophages

Phage A Phage B Phage C

Pharmacy

SurgeryLyon Phage team

Extemporaneous

magistral 

preparation of the 

mix of 

bacteriophages



Bone and joint infections
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long-bone

osteomyelitis

Surgery
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Antibiotics

Chronic

prosthetic-joint

infection

Surgery
(prosthesis explantation)

Antibiotics

Spinal infection

with abscess and

bone destruction

Surgery
(debridement & stabilization)

Antibiotics

Clinical trial

PhagoDAIR

Janvier 2022



Prélèvement

Pas de

descellement

Clinical case #3

74-year-old man

Melanoma treated with anti-PD1

Catheter-related P. aeruginosa
bacteriemia in January 2018

Spinal pain summer 2018

Spondylodiscitis with spinal 
abscess

Pandrug-resistant P. aeruginosa
in culture!
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Clinical case #3

74-year-old man

Melanoma treated with anti-PD1

Catheter-related P. aeruginosa
bacteriemia in January 2018

Spinal pain summer 2018

Spondylodiscitis with spinal 
abscess

Pandrug-resistant P. aeruginosa
in culture!

The strain was also spontaneously

resistant to bacteriophages !!!
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Gregory Resch

Lyon Phage team Jean-Paul Pirnay

Céfiderocol

ATU

French Health Authority

Potential European academic collaborations
Under the supervision of



Conclusions: Personalized phage therapy is a potential adjunct treatment for patients 

with complex BJI due to pandrug-resistant bacteria. In addition to industrial phages 

under development, academic collaborative research is crucial to develop 

personalized phage therapy.

Personalized production and administration of bacteriophages: lessons

learned from a unique European academic collaboration to treat a patient

with pandrug-resistant spinal P. aeruginosa infection

French Health Authority

Under the supervision of
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Conclusions: Personalized bacteriophage therapy has the potential to be used as 

salvage therapy during DAIR in patients with relapsing S. aureus and P. aeruginosa

prosthetic knee infection, to improve the efficacy of suppressive antibiotics, and to 

avoid considerable loss of function.

óDebridementAnd Implant Retentionô(DAIR) with local administration of

personalized cocktail of bacteriophages (PhagoDAIR) followed by

suppressive antibiotherapy as salvage therapy in patients with relapsing

prosthetic knee infection

Phago

DAIR

Favorable outcomeat 1 year



Conclusions: Ultrasound-guided local administration of personalized cocktail of 

GMP bacteriophages followed by suppressive antibiotherapy in patients with relapsing 

total femur PJI has the potential to be used as salvage therapy to control the 

infection and avoid disarticulation. Dramatic superinfection could be diagnosed at the 

time of phage administration.

Ultrasound guided local administration of personalized cocktail of

bacteriophages followed by suppressive antibiotherapy as salvage

therapy in patients with relapsing total femur prosthesis infection
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